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Ilesis 0030pa — aHAJIN3 ONBITA JUATHOCTUKYA TKAHEBOU T'MIIOKCUU METOIOM Jia3ep-UHAYIIUPOBAHHON
CIIEKTPOCKOIINY, & TAK}Ke BBISIBJIEHNE EPCIEKTUBHBIX HAIPABJIEHU! U MTOTEHIINAJbHBIX BOSMOKHOCTEH
JTAHHOT'O METO/[a /151 Ta/IbHENIIIEr0 ero IPUMEHEHUSI B 9KCIIEPUMEHTAIBHON U KITMHUYECKON MeTUIIUHE.

B 0630pe npeacTaBUIN JaHHBIE UCCAEI0BAHUI HHTEHCUBHOCTH (hJIyOPECIIEHIINH 9HIOTE€HHBIX MOJIE-
Ky/I-()ayopodopoB (HUKOTUHAAEHUHIUHYKIEO0THIa BOCCTAHOBJIEHHOT0, (DIaBUHANEHUHINHYKJIEOTHIA
OKHCJIEHHOT0) KaK MapKEPOB UIIIEMHUYECKOTO MIOBPESKIEHNSI BHYTPEHHUX OPraHOB (MO3ra, CEp/ALa, TeYeHH ,
Mo4eK 1 Ap.). PaccMoTpesu mpuHIuUIIb MeToa GhJIyopeCcieHTHOM JTa3ep-UHIYIIUPOBAHHOM CIIEKTPOCKOTINHU
in vivo. Yieauavu BHUMaHUE UCTOPUYECKUM acreKTaM TeMbl. [[okasasu peaysibrarhbl IPUMEHEHUsI METOIA B
9KCIIEPUMEHTATBHBIX U KJIMHUYECKUX UCCIIeJOBAHUSIX TKAHEBOU TMIIOKCUY U UIIIEMUU. BBISIBUIIN TPYIHOCTH
B UHTEpPIpeTaNU 3HAYEHUI NHTEHCUBHOCTH ayTO(JIyOPECIEHTHOT'O CUTHAJIA UCCIeyeMbIX MOJIeKyI. OT-
METHJIU, YTO HEM3BECTHBIM OCTAETCS [TEPUOJ COXPAHEHUST CIIOCOOHOCTU TKAHU K ayTO(JIYyOPECIEHIIUN B
YCJIOBUSIX JJIUTEIbHOM aHOKCUHU, OTCYTCTBYIOT CHCTEMAaTU3MPOBAHHbIE MIPEJCTABJIEHUsI O BIUSHUU 9K30-
TEHHBIX U 3HJOTE€HHBIX (PAKTOPOB HA MHTEHCUBHOCTD ayTO(JIyOPECIEHIUN.

Cphenayiv BBIBOJ, UTO PUMEHEHNe METOa JIa3ep-UHAYIIMPOBAHHON (DJIYOPECIIEHTHOH CIIEKTPOCKOIIUHI
C LIEJIBIO TUArHOCTUKY TKAHEBOU UIIIEMUM SIBJISIETCSI IEPCIEKTUBHBIM HAlIPABJIEHUEM B 9KCIIEPUMEHTAJIb-
HOU U KIIMHUYECKOU MeININHE, HE MCUYEPITaBIINUM Ce0s1, ¥ OCTABJISIONINM Psii HEPEIIEHHBIX BOIIPOCOB, He-
CMOTPSI Ha 60JIBIII0E KOJTUYECTBO UCCIEeJOBAHUN B TAHHOHN 00JIaCTH.

Knrouesbvle crosa: nasep-undyyuposarras gayopecyenyus; HAJTH; @AJ]; 2unokcus; aH0ozeHHble (hyo-
podopul; mrarnesas 2UNOKCUSL; ULLeMUSL 2008 HO20 MO324

The aim of review is to discuss the results of studies on diagnosis of tissue hypoxia by laser-induced spec-
troscopy, as well as to identify promising trends and prospects of this technique for its further application in
experimental and clinical medicine.

The review presents the findings of studies of the fluorescence intensity of endogenous fluorophore
molecules (reduced nicotinamide adenine dinucleotide, oxidized flavin adenine dinucleotide) as markers of
ischemic injury of internal organs (brain, heart, liver, kidneys, etc.). The principles of fluorescence laser-in-
duced spectroscopy in vivo are discussed. The historical aspects of the subject are also covered. The results of
the use of the technique in experimental and clinical studies of tissue hypoxia and ischemia are shown. Diffi-
culties in interpreting the intensity values of autofluorescent signal of the studied molecules are revealed. It
was noted that the tissue autofluorescence in a long-term anoxia remains unknown, and there are no struc-
tured ideas about the impact of exogenous and endogenous factors on autofluorescence intensity.

In conclusion, the use oflaser-induced fluorescence spectroscopy to diagnose tissue ischemia is a promis-
ing area of experimental and clinical medicine, which still has various unresolved issues, despite a large num-
ber of studies in this domain.
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BBenenue

Bompoc ycToHUYnBOCTH TKAHU K TUIIOKCUU U
AHOKCHUU SIBJIsieTCsl (PyHIaMEHTAJbHON TeMOHd B
MeIUITHe, UMeIoNell MYJIBTUANCITATIINHAPHOE
3HavyeHune. KucgopomHoe rojofaHue sBJISIETCS
MPUYUHON HapYIIIEHUsI TKAHEBOTO MeTaboJim3Ma
MIPU KPOBOIIOTEPE, HAPYIIIEHUSIX KPOBOOOpAIIIEHHUS,
TpaBMaTUYECKUX IOBPEKIEHUSIX, OCTPBIX OTpaBJIe-
HUAX U IIPUA JPYTUX KPUTUYECKUX COCTOSAHUAX [1-3].
M3yyeHrie MeXaHW3MOB THUIIOKCUY/AHOKCHUU KaK
MaTOJIOTUYECKOTO TIPOIEcca M COBPEMEHHBIX CIT0-
CO0OB ee IMarHOCTUKY TPEJICTABJISIET UHTEPEC IS
Bpauei 060 crenuasbHOCTH. [IpenmytiiecTBa
JIUArHOCTUKU TKAaHEBOU TMIIOKCUH in Sifl B 9KCIIe-
PHMEHTAJIbHBIX MOZIEJIAX, @ TAKKe B KIIMHUYECKOH
MEeJUIINHE, 3aKJI0YalONUecs] B BO3MOMKHOCTH
WHTPAOIEPAIMOHHOTO0 MOHUTOPUHTA COCTOSTHUS
OpPraHOB U TKaHEH, OTIpe/ie/IeHNS 5KU3HECTIOCOOHO-
CTU TKaHU MPU HAPYIIEHUU KPOBOOOpAIIEHUs], a
TaKsKe TPAHCIIJIAHTUPYEMOU TKAHU 00YCJIOBJINBAET
HEeoOXOMUMOCTh YIEJUTh OOJblllee BHUMaHUE
MeTOojIaM, II03BOJISIIOIIUM B peaIbHOM BPEMEHH, in
situ JTMArHOCTHUPOBATh TKAHEBYID TUIIOKCHIO.
OTHUM U3 TAKUX METOJIOB SIBJISIETCSI JIA3€P-UH I~
poBaHHas1 ayTo(JIyopeClieHTHAsI CIIEKTPOCKOIIHS.

ITeJsib 0630pa JUTEpaTyphl — aHAIU3 OTBITA
ANArHoCTUKN TKAHEBOW TIHUIIOKCUU MeToa0M
Jla3ep-uHIYIIUPOBAHHON  CIIEKTPOCKONHUH, a
TaK’Ke BbIsSIBJIEHUE NIEPCIIEKTUBHBIX HAIPaBJIEHUH
Y IOTEHIIUATbHBIX BO3MOYKHOCTEN JAHHOTO METO-
Jla 17151 TaJIbHEHUIIIEro ero MPUMeHEHUsI B 3KCIIEPU -
MEHTaJbHOH 1 KIANHNYECKON MEIUIAHE.

TeopeTHUyecKre OCHOBBI METO/a ayTO(JIy-
OPECIIEHTHOH CIeKTPOCKomuu. MeTos ayTodJry-
OPECIIEHTHON CHEKTPOCKOIIMUA OCHOBaH Ha
perucTpanuyu UHTEHCUBHOCTU (JIyopecIieHIInn
9HJIOTEHHBIX MOJEKYI-pJiryopodopos. fIBaenue
ayTo(IyOopECIIeHITNY 3aKTI0YAeTCsI B UCITyCKAHUU
KBAHTOB CBeTa BO30Y)KJIEHHBIMU B pe3yJbTaTe
BO3IENCTBUS UJyYEHUS C OTPeeIEHHOU JINH-
HOIi BOJTHBI MOJIEKYJIaMU TIPU TIEPEXOJIE U3 MeTa-
CcTabUIBLHOTO COCTOSIHUS, C 00JIee BEICOKOTO 9HEP-
reTUYECKOTO YPOBHSI, B OCHOBHOE COCTOSTHUE, C
HauUMeHbIIIel sHepTruel (4, 5].

HauboJiee BayKHBIMU JJ151 TUATHOCTUKU SHI0-
TEeHHBIMU TKAHEBBIMU (PIyopodopaMu SABIISIOTCS
TpunTodaH, KoJjIareH, 3JIaCTUH, BOCCTAHOBJIEH-
HBI HUKOTUHaMUAaieHnHanHykaeorun (HA/TH), a
taxyke ero ¢ocdar (HAIPH), paaBuns! u daaso-
nporeruHsl (PAJ], PMH), mopdupuHsl, 6eTa-kapo-
THH. HI/IpI/I,III/IHOBI:vIe nu q)ﬂaBI/IHOBI)Ie HYKJIEOTHUDbI,
JIOKAJIU3YIOIIECS] B OOJIbIIIEN CTETIEHU B MUTO-
XOHOPUAX U B MeHbIIIEH — B nuToIlJIa3Me, ABJIAIOT-
CA OOJHUM M3 OCHOBHBIX HCTOYHUKOB KJIETOYHOM
dutyopectiennu [6]. YaacTue TaHHBIX COeTUHEHUN
B IIMPOKOM CHIERTPE BHYTPHUKJIETOYHBIX ITPOIIEC-
COB, TAaKUX KaK [VINKOJIN3, IEHTO3HBIN ITUKJI, ITUKJ
Kpe0ca, okuciienne sk pHBIX KUCJIOT, padoTa AbIxa-

Introduction

Tissue resistance to hypoxia and anoxia is a
fundamental topic in medicine of a multidisci-
plinary significance. Oxygen starvation is the cause
of tissue metabolism disorders in case of blood loss,
blood circulation disorders, traumatic injuries,
acute poisoning and other critical conditions [1-3].
Studying the mechanisms of hypoxia/anoxia as a
pathological process and modern methods of its di-
agnosis attracts the attention of clinicians of any
specialty. In-situ diagnosis of tissue hypoxia in ex-
perimental models, as well as in clinical medicine,
offers a possibility of intraoperative monitoring of
organs and tissues, tissue viability determination in
circulatory failure after transplantation. Therefore,
itis necessary to place more emphasis on methods
that allow to diagnose tissue hypoxia in situ in real
time. One of such methods is laser-induced aut-
ofluorescence spectroscopy.

The aim of this literature review is to examine
the available data on diagnosing the tissue hypoxia
by laser-induced spectroscopy, as well as to identify
the promising directions and prospects of this tech-
nique for its further application in experimental
and clinical medicine.

Fundamentals of autofluorescence spec-
troscopy. Autofluorescence spectroscopy is based
on the detection of fluorescence intensity of en-
dogenous fluorophore molecules. The phe-
nomenon of autofluorescence consists in emitting
quanta of light by molecules excited due to the ef-
fects of radiation with a specific long wavelength,
when changing from a metastable state with a
higher energy level to the basic state with the lowest
energy [4, 5].

The most important diagnostic endogenous
tissue fluorophores are tryptophan, collagen,
elastin, reduced nicotinamide adenine dinu-
cleotide (NADH), as well as its phosphate
(NADPH), flavins and flavoproteins (FAD, FMN),
porphyrins, beta-carotene. Pyridine and flavin nu-
cleotides, which are located to a greater extent in
mitochondria and to a lesser extent in cytoplasm,
are one of the main sources of cellular fluorescence
[6]. They participate in a wide range of intracellular
processes, such as glycolysis, pentose cycle, Krebs
cycle, fatty acid oxidation, mitochondrial respira-
tory chain, and biosynthetic processes, and can be
used as markers of cellular metabolism in normal
and pathological processes [7-10]. The NADH
coenzyme fluoresces only in the reduced form and
the maximum excitation is registered on exposure
to radiation with a wavelength of 340 nm, while the
quantum fluorescence yield is greater if NADH is
bound to the protein. Flavin nucleotides are only
capable of fluorescence in oxidized form. The max-
imum excitation is registered on exposure to radi-
ation with a wavelength of 450 nm [5, 7]. Based on
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TeJIbHOU IeT MUTOXOHIPHH, OMOCHHTETUYECKIE
TIPOIIECCHI, 00YCIOBINBAET BO3SMOKHOCTH UCIIOJTh-
30BaHUA HUX B Ka4eCTBE MapKepOB KJIETOYHOIO
MeTaboJI3Ma B HOpMe U IIPH ITaTOJIOT MYECKUX ITPO-
neccax [7-10]. Kopepment HA/TH dutyopecuupyet
TOJIBKO B BOCCTaHOBJIEHHOU (hopMe U MaKCUMyM
BO30YKIIEHUSI PETUCTPUPYETCS TIPU BO3TEHCTBUN
HU3JIy4YeHusl ¢ AJUHOU BOJHBI 340 HM, IIpU 3TOM
KBaHTOBBIN BBIXO] (pryopeciieHnnu 60JIbIIIe, eCTU
HAJTH cBs3an c 6enxkoM. PaBUHOBBIE HYKJIEOTH-
IIbI CIOCOOHBI K (PITyOPECIIEHIINH TOJBKO B OKHC-
JIeHHO# (hopme. MakcuMyM BO30OYKIEHUST PETH-
CTpUpyeTcs IpU BO3AEHCTBUM U3JIYUYEHUS C
JIUIMHOM BOJIHBI 450 HM. [5, 7] Ha ocHOBaHuU pas-
JIMYHOTO KBAHTOBOTO BBIXOJIA 3TUX KO(hEepPMEHTOB B
UX OKHUCJIEHHOW U BOCCTAaHOBJIEHHOW ¢opmax
MOSKET OBITH OCYIIIECTBJIEH MOHUTOPHHT KJIETOYHO-
0 ¥ TKaHeBOoro Meradosmama [10-18].

Hcropusa meroaa. C MOMEHTa OTKPBITHUSA OIITH-
YeCKUX CBOMCTB BOCCTAHOBJIEHHOTO HUKOTUHAMU-
JageHUHAVHYKIeoTuaa B 1950 romy HavaoCh
WHTEHCUBHOE MCCJIENOBAaHME €ero Kak Mapkepa
MUTOXOHIPUAIBHBIX (PYyHKIMI. OCHOBOIIOJIOYKHUK
JAHHOTO HanpasJjeHusa bputTon YaHC B pe3yssrare
CBOMX MHOTOYMCJIEHHBIX NCCJIEIOBAHUH KaK i Vilro,
Tak ¥ In vivo NOKa3ajs, 4TO MUTOXOHJApHUAIbHAsA
(pyHKIIHIST MOYKET OBITH OIIEHEHaA 10 PEeIOKC-COCTOSI-
auto HAJTH. OcHOBHOU BeX0Ol B UICTOPUHU UCCIIEN0-
BaHUs1 KOhepMEeHTOB CTaJIo co3fanue B 1954 rony b.
YaHcoM ABYXJIy4eBOrO crekTpodoromerpa [19].
CnexktpodoromMeTpriecKM METOIOM OBITH BIIED-
BbI€ M3Y4YEeHBI META00TIMYECKIE COCTOSTHUS N30T -
POBAaHHBIX MUTOXOHJPUN B 3aBUCUMOCTH OT CyO-
crpara, Kkucjiopoga 1 ypoBHA AJI®. B 1959 rony
Chance u Legallais paspaboranu quddepeHnmans-
HbII MUKPO(IyOPUMETP, UTO ITO3BOJIUIIO UCCIIEH0-
BaTh KO(pepMeHTbI He TOJIBKO B KJIETOYHBIX CyCIIeH-
3UsX, YJABTPATOHKHUX 00Opaslax TKaHeld, HO U B
TKaHAX JKMBOTHBIX 71 Vivo. B 1962 roga mossBJIsIIOTCS
niepBbIe padorsl Chance et al., B KOTOPBIX MOHUTO-
pusar HAJ/IH nipoBonuiica opraHax aHecTe3upOoBaH-
HBIX KPBIC.

B 1971 roxy Jobsis 1 coaBT. BiepBble IpUMeHe-
HUJI TAHHBIN METO/, Ha MO3Tre HeHPOXUPYPrudecKux
MaIeHToB ¢ (POKaTBLHOU anuIericuent in vivo. belia
BBIsIBJIEHA KOppeJiAus nokasaresneit HA/IH ¢ qan-
HBIMU 3JIEKTPOKOPTUKOTpapuy IpU IPSIMOI KOp-
TUKATBHON CTUMYJISIINNA KOHTPOJIFPYEMO# 00J1a-
cru. [TosrydeHHBIe pe3y/IbraTbl OKa3aIuCh CXOKUMU
C pe3yJisTaTaMu IIPeAIIeCTBYIOIEer0 aHAIOTUYHOIO
9KCIIEPUMEHTAIBHOI0 uccjeqoBanus [20].

W3-3a TpygHOCTEH NHTepIIpeTanuu ayTodJry-
OpeCleHIIMA TKaHW HCIOJb30BaHUE METOnAa
(yIyopeciieHTHON CIIEKTPOCKOIINYU IIOJYYHUJIO
IIMPOKOE PACIPOCTPAaHEHNE B MEIUIINHE TOJIBKO
C UCIIOJIb30BAaHUEM 9K30TeHHBIX (P1yopodopoB.
OpHako, “HTEpeC K ayTo(pJyopeCeHTHOM! CleK-
TPOCKOIIMU TKaHe! in vivo JOKa3aH MHOYKECTBOM
pabort, HaunHasA ¢ uccienoBanuii b. YaHca 1 coaBrT.

the different quantum yield of these coenzymes in
oxidized and reduced forms, cellular and tissue
metabolism can be monitored [10-18].

History of the method. Since the discovery of
the optical properties of the reduced nicotinamide
adenine dinucleotide in 1950, it has been inten-
sively studied as a marker of mitochondrial func-
tion. The founder of this area of research, Britton
Chance, has proven through his numerous studies,
both in vitro and in vivo, that mitochondrial func-
tion can be evaluated by the redox state of NADH.
A major milestone in the history of coenzyme re-
search was the creation of a two-beam spectropho-
tometer by B. Chance in 1954 [19]. Metabolic char-
acteristics of isolated mitochondria as a function of
substrate, oxygen and ADP level were studied for
the first time by a spectrophotometry. In 1959,
Chance and Legallais developed a differential mi-
crofluorimeter for studying coenzymes not only in
cell suspensions and ultra-thin tissue samples, but
also in animal tissues in vivo. In 1962, the first
works by Chance et al. appeared, where monitoring
of NADH was done on anesthetized rat organs.

In 1971, Jobsis et al. pioneered this method in
the brain of neurosurgical patients with focal
epilepsy in vivo. A correlation between NADH and
electrocorticography data was found in direct cor-
tical stimulation of the controlled areas. The ob-
tained results were consistent with those of a pre-
vious similar experimental study [20].

Due to difficulties in interpreting the tissue
autofluorescence, the use of fluorescence spec-
troscopy has become widespread in medicine only
with the introduction of exogenous fluorophores.
However, the interest in autofluorescence spec-
troscopy of tissues in vivo has been demonstrated
by a number of studies ranging from the works of
B. Chance et al. to modern Russian and foreign re-
search dealing with the role of tissue autofluores-
cence in malignant neoplasms, neurodegenerative
diseases, ischemia and reperfusion [21].

Diagnosing the ischaemic injury of internal
organs by laser-induced fluorescence spec-
troscopy. The cells switch to anaerobic respiration
as aresult of hypoxia. Changes in the respiratory en-
zyme chain are initialized at the NADH-dependent
site with a short-term increase in functioning, fol-
lowed by suppression of this mitochondrial com-
plex site. Lack of oxygen leads to the accumulation
of reduced nicotinamide coenzyme (NADH), fluo-
rescing in ultraviolet light, which makes it possible
to use NADH as a marker of mitochondrial dysfunc-
tion caused by hypoxia/anoxia. Autofluorescence
fading is observed with continued anoxia [22-24].

Since the problem of tissue viability assess-
ment in the context of ischemia has remained to
this day, it is still relevant to use techniques to de-
termine the condition of cells in the ischemic area

without special preparation of the tissue sample
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Y, 3aKaH4YMBasl COBPEMEHHBIMHU OT€YE€CTBEHHBIMU
1 3apyOesKHBIMU TyOJIMKAIIASIMY, TIOCBSIIIIEHHBI-
MM U3y4YEeHMIO TKaHeBOU ayoduiyopecieHIIUU B
3JIOKAYeCTBEHHBIX HOBOOOPA30BaHUSIX, IPU HEH -
ponereHepaTUBHBIX 3a00JIEBAHUSAX, TPU UIITEMUHU
u penepdysumn [21].

JnarHocTuka MIIeMHUYeCKOro IoBpesKe-
HHA BHYTPEHHHX OpPraHoB MeETOJOM Ja3ep-
HHIYIMPOBAHHOMH (PJIyOpeCIIEeHTHOHN CIIEKTOPO-
ckonuu. CieICTBHEM TUIIOKCUUA  ABJISIETCA
Iepexoy1 KJIETOK Ha aHaapoOHoe abixaHue. Iame-
HeHUe B [IelU bIXaTeJIbHbIX (pepMEeHTOB NHUIINA-
ausupyercsa Ha HA/ITH-3aBuCUMOM y4acTKe, YTO
BBIpa)KaeTcs B KPaTKOBPEMEHHOM YCHUJICHUH, a
3areM Io/1aBJIeHrEeM PAbOThI ITOTO YIaCTKA MUTO-
XOHJPHUAJBHOTO KOMILIEKca. OTCyTCTBHE KUCJIO-
polia IpUBOIUT K HAKOILJICHUIO BOCCTAHOBJICHHO-
ro HUKOTMHaMuUAHOTO Kodepmenta (HAJ/IH),
¢urypecuupyolero B yJasrpadroseToBOM CBeTe,
4TO I03BOJIAET Ucob3oBark HA/IH B kauecTBe
MapKepa MUTOXOHAPUAJIBHBIX OUCPYHKIUH,
BBI3BAHHBIX THIIOKCHUEN/aHOKCHel. B ycaoBusax
MIPOJI0JIKATIOIIENCST aHOKCHUH HAa0JTI0]aeTcs yraca-
HUe ayTodJiyopecueHum [22-24].

Tak kak mpo6JieMa OIleHKY YKIU3HECITOCOOHO-
CTU TKaHel Ha (hOHe UIIIeMUH CYILeCTBYeT 10 cer
JeHb, COXpaHseTCs aKTyaJbHOCThb IIPUMEHEHUS
METOJIOB, II03BOJIAIOIINX OIIPENEe/IUTh COCTOSIHUE
KJIETOK MIIIEMU3NPOBAHHOTO yYacTKa 0e3 criernu-
QJIFHOM TTOAATOTOBKM 00pasIiia TKaH! U B PEsKUME
peanbHOro BpeMeHH. K HacTosmeMy BpeMeHU
IIPOBEJEH PAL 9KCIIEPUMEHTAIbHbBIX U KJIUHAYe-
CKHX HCCJIeJOBAHUH 10 UCIIO/Ib30BAHMIO J1a3ep-
UHAYLMPOBAHON (hJIyOpPECIeHTHOU CIIEKTPOCKO-
MY B HeUpo- U KapJUOXUPYPTUU, OHKOJIOTHUH,
racrpoanrepoJjioruu [25-30].

B camoM HavaJsie BHEIpEHUsI METOA B 9KCIIe-
puMeHTaabHyl0 MegunuHy C. H. Barlow (1977)
OBLIN TIPOBEEHBI MCCJIeTOBAHMUS (PJIyopeCIeH-
unu HAJTH B MrOKap;ie mpy KOPOHAPHOU OKKJIIO-
3WM, B pe3yJbTaTe KOTOPHIX OBIIU BBISBJIEHBI
N3MEHEHHUs yKe 4depesd 15 CekyHI OT MOMEHTa
HAJIOYKEHU A JINTaTyphbl HA KOPOHAPHYIO apTEepPHIO.
B nccaenosannu F. H. Tomlinson 65110 06HapYy-
SKEHO, YTO HUIIEeMHUs MO3ra COIIPOBOKAAETCS YBe-
audyeHueM ¢uryopecteniiuu NADH Ha 150% yepes
15 MUHYT [TOCJIE OKKJIIO3UM COHHOU apTepuu [31].

Fitzgerald J. T. 1 coaBT. MOKa3aJ/u B 3KCIIEPU-
MeHTe 3(p(PeKTUBHOCTh Ja3epHOU ayTodayopec-
LIeHTHOU BU3yaju3aluy B JUATHOCTUKE UIIeMU-
YecKOro U penepdysvoOHHOTO IIOBPeKIeHUsI
MOYeK in Vivo M OIEHKE WX SKM3HECII0COOHOCTH
1ocJje Iepruoja OKKJIIO3UU IOYeYHBbIX apTepui
[32]. Tirapelli L. F. u coaBT. ycnenHo ucnoabp30Ba-
JI MeTof, ayTo(hJIyOpeCLieHTHOUN CIIeKTPOCKOIINH
IJIsI KCCIIEeOBAHM A UX PEaKUU Ha AJIUTEIbHYIO
WIIeMHUI0 U penep@ys3nuio B IKCIEepPUMEHTe, a
TaK’Ke BBIABUJIN CBA3b MEKAY HHTCHCUBHOCTBIO

(bJ'IYOPECI_IEHHI/II/I IIO4YEeK IIpyu HIIEeMHUYECKOM U

and in real time. To date, a number of experimental
and clinical studies on the use of laser-induced flu-
orescence spectroscopy in neuro- and cardiac
surgery, oncology, gastroenterology has been car-
ried out [25-30].

In the early days of the method implementa-
tion in experimental medicine, C. H. Barlow (1977)
studied the fluorescence of NADH in myocardium
during coronary occlusion and identified its
changes after 15 seconds from the moment of coro-
nary artery ligation. In the study by E H. Tomlinson,
brain ischemia was associated with a 150% increase
in NADH fluorescence 15 minutes after carotid oc-
clusion [31].

Fitzgerald J. T. et al. showed in their experi-
ment the efficacy of laser autofluorescent imaging
in the diagnosis of ischemic and reperfusion dam-
age of the kidneys in vivo and assessment of their
viability after a period of renal artery occlusion [32].
Tirapelli L. E et al. successfully used autofluores-
cence spectroscopy to study the response to long-
term ischemia and reperfusion in the experiment,
and also found a correlation between the intensity
of renal fluorescence in ischemic and reperfusion
damage and histological signs of renal, as well as
mitochondrial damage [33, 34]. Raman R. N. et al.
suggested using multimodal autofluorescence
spectroscopy to predict the post-transplantation
kidney function [35].

The study of NAD(F)H and FAD as autofluo-
rescent biomarkers of metabolic disturbances and
liver and hepatocyte damage began in the 1950s.
The purpose of later studies was to monitor the
liver response to ischemia/reperfusion. Subse-
quently, fluorescent fatty acids, lipopigments, and
collagen were characterized as optical biomarkers
of liver steatosis and fibrosis [36, 37].

M. E Lacour et al. demonstrated a correlation
between the redox ratio (NADH/FAD) and other
markers of hepatic injury on a 60-minute and 90-
minute liver ischemia model with and without
reperfusion [38].

Croce A. C. et al. studied the autofluorescence
properties of bile and concluded that autofluores-
cence bile spectroscopy can provide additional in-
formation to assess changes in the liver metabolic
activity balance [39].

Arutyunyan A. V. et al. demonstrated in an ex-
periment the high efficacy of intraoperative use of
the laser-induced fluorescence spectroscopy
method for diagnostics of pancreas tissue necrosis
in situ at acute pancreatitis [40].

Smelt M. J. et al. suggested using fluorescence
of HADH and FAD coenzymes of pancreatic beta
cells to determine their viability before transplan-
tation [41].

M. V. Shinkin et al. have shown a high diagnos-
tic significance of the laser-induced spectroscopy
method in combination with laser doppler fluom-
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peniep(y3noHHOM ITOBpesKIeHUN ¢ MOP(OJIOTU-
YeCKUMM NMPU3HAKaMU NOBPEXKAECHUs MOYKH, A
TaK)Ke C MMOBPEKJIEeHNEM MUTOXOHIpUM [33, 34].
Raman R. N. 11 cOaBT. IpeaIoKnau UCI01b30BaTh
MYJIBTUMOAAJIBHYIO ayTO(JIyopeCeHTHYIO CIeK-
TPOCKONHUIO NIJI1 IPOTHO3MPOBAHUSA MOCTTPAHC-
MJIAIIMOHHOU (DyHKIIMU MOYeK [35].

WNayuenne HAJI(P)H u PA]] B kauecTBe aBTO-
(sryopeciieHTHBIX  OMOMapKepoB HapyIIEHUS
MeTaboJI3Ma U MOBPESKIeHUH TeYeHH U TeraTo-
IUATOB HayaJioch ¢ 1950-x romoB. lleabio OoJiee
MO3JHUX UCCJIEIOBAHUN CTAJI MOHUTOPUHT peak-
1Y [IeYeHU Ha uieMuio/ penepdysuto. Briocaen-
CcTBUH, (JyOpecleHTHble >SKUPHblE KUCJIOTHI,
JIMTIONTUTMEHTHI ¥ KOJIJIareH ObLIN OXapaKTePU30-
BaHbI KaK ONTHUYEeCKHe OMOMapKepbl CTeaTo3a
nevyenu, pudbposa [36, 37].

M. F. La cour 1 coaBT. Ha MOAeJ/IN II€YeHOUYHOMN
HUIIEMUU IIPOAOJIKUTEJIBHOCTBIO 60 1 90 MUHYT C
penepdysueil u 6€3 Hee BBIIBUIN KOPPETSIIIIO
penokc-otHomenuss (HAJJH/PAN) ¢ apyrumu
MapKepaMu IIeYeHOYHOI'0 ITI0BpeskaeHud [38].

Croce A. C. 1 coaBT. MpOBeJIX UCCJIEJOBAHNE
ayTo(JIyopeClieHTHBIX CBOMCTB 5KeJTUYN U NPUIILIN
K BBIBOJLY, UTO ayTO(JIyOPECIIEHTHAS CIIEKTPOCKO-
U SKeJTYA MOYKET NPeJOCTaBUTh JOMOJHUTEIb-
HyI0 MH(OPMAIIHIO 7T OIEHKY N3MEeHEeHHH OasiaH-
ca MeTab0JJINYEeCKO aKTUBHOCTU IeyeHu [39].

ApyTiOHAH A. B. 1 COaBT. B 9KCIIEpUMEHTE
ObL/Ta MPOJEMOHCTPUPOBaHA BhICOKasI 9(ppeKTUB-
HOCTh WHTPAONEepPallMOHHOTO WCHOJb30BAHUS
MeToja Jia3epHO-UHIYIIUPOBAaHHOU (uiyopec-
IIEHTHOU CIIEKTPOCKONHUH /151 TUAaTHOCTUKU HEK-
po3a TKaHM NOMKeJIYI0YHOH 5KeJie3bl in Sifu Ipu
OCTpOM naHkpearure [40].

Smelt M. J. 1 coaBT. TPeAJIOKUIN UCIIOJIH30-
Barhk (uiyopecnennuio kopepmentos HAIH u
®AJ] 6eTa-KIETOK MOMKETYTOTHON KeTe3bl A
ompefesieHusT WX SKU3HECIIOCOOHOCTH Tiepen
TpaHcIIaHTauen [41].

[MvakuH M. B. 1 coaBT. TIOKa3aaud BBEICOKYIO
JUAarHOCTAYECKYI0 3HAYMMOCTb MeToHa Jiasep-
WHIYIIMPOBAaHHON CIEKTPOCKOIINY B COYETAHNE C
JIJI® B OTHOIIEHNH PaHHET0 BBIABJICHUSA HAPYILe-
HUHA TKaHEeBOTO MeTaboJu3Ma U OIeHKH PHUCKa
pasBUTHUSA CHUHApPOMA AMAabETUYECKOW CTOIBI Y
OOJIBHBIX CaXapHBIM TUabEeTOM BTOPOTO TUTIA [42].

Staniszewski K. 1 coaBT. ObLJI0O TIPOBETEHO
HccieJOBaHNe UHTEHCUBHOCTH (DJIyOpeCceHIIuN
HAJIH n ®A]] n3osmpoBaHHbIX Hepdy3upoBaH-
HBIX JIETKUX KPBIC TIpH J00aBIeHNH B Iepdysar
WHTHOUTOPA MUTOXOHIPHUATBHOTO KOMILIEKca I
(HAJTH-yObmXrHOH-OKCUJOPEAYKTA3bl) — pOTe-
HOHa, MHTUOUTOpa KoMIlsiekca IV (ruroxpom C-
OKCHJa3bl) — IMHMAHUAA KaJaus U PasoOIuTess
TKAaHEBOIO [ObIXaHUS nedTaxsiaopdenoJa.
V3MeHeHusI METab0JINYECKOTr0 COCTOSIHUS MUTO-
XOHJIPUH B JIETKUX OTPAKAJIUCh HA TTOKA3aTeJIsIX
WHTEHCUBHOCTHU (psryopecieHIIny KopepMeHTOB.

etry for the early detection of tissue metabolic dis-
orders and the assessment of the risk of diabetic
foot syndrome in patients with type 2 diabetes mel-
litus [42].

Staniszewski K. et al. studied the intensity of
NADH and FAD fluorescence of isolated perfused
rat lungs after adding rotenon, mitochondrial com-
plex I (NADH-ubiquinone-oxidoreductase) in-
hibitor; potassium cyanide, complex IV inhibitor
(C-oxidase cytochrome), and pentachlorophenol,
tissue respiration inhibitor, into the perfusate.
Changes in the metabolic state of mitochondria in
the lungs affected the intensity of coenzyme fluo-
rescence. The autofluorescence signal decreased
after adding blood to the perfusate, but the redox
ratio remained unchanged. This study demon-
strated the sensitivity of coenzyme fluorescence in-
tensity and redox ratio to changes in redox pro-
cesses in mitochondria [43].

Diagnosis of cerebral ischemia. The diagnos-
tic significance of brain autofluorescence became
apparent from the findings of B. Chance's early
studies. The first use of laser-induced fluorescence
spectroscopy in vivoin the clinic was carried out on
neurosurgical patients for a reason [20]. A number
of studies have shown a correlation between
changes in the fluorescence signals of the reduced
NADH and the oxidized FAD and the functional ac-
tivity of neuronal and glial mitochondria, intracel-
lular concentration of calcium and its transmem-
brane transport of calcium in mitochondria [44-47].

Despite the experimentally and clinically
proven applicability of the fluorescence intensity
indexes of NADH and FAD coenzymes as biomark-
ers of ischemic brain damage [48-55], the method
has some limitations associated with the difficulty
of data interpretation. In the in vitro study, Kahra-
man S. et al. demonstrated differences in the fluo-
rescence mechanisms of pyridine nucleotides in
neural and glial cells. Persisting anoxia after the
initial increase in NADH fluorescence in neurons
was accompanied by its gradual decrease, which
was not observed in astrocytes. There is also a need
to differentiate the changes in the autofluores-
cence of NAD(P)H caused by metabolic disorders
from the changes induced by the stimulation of
local blood flow by the increased lactate produc-
tion during ischemia [56].

Polesskaya O. et al. developed a technique based
on the relationship between the intensity of endoge-
nous fluorescence of NADH and partial oxygen pres-
sure in the tissue, allowing to diagnose the microre-
gional hypoxia of the murine cerebral cortex [57].

In the light of several studies, the NADH and
FAD autofluorescence intensity indices serve as
markers not only for hypoxic brain damage, but
also for neoplastic and neurodegenerative pro-
cesses. In 2017, Shi L. et al. in experimental studies

showed the possibility of using NADH, FAD and
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[Tpu noGaBsieHNU KPOBU B mepdysaT ayTodiry-
OpECLIEHTHBIA CUTHAJI CHUSKAJICS, HO PemoKC-
OTHOIIIEHHE OCTaBaJOCh HEU3MEHHBIM. JTO
HCCJeN0BaHNue IPOLEeMOHCTPAPOBAJIO YyBCTBU-
TeJIbHOCTh IT0Ka3aresjiell ”HTEeHCUBHOCTU (JI1yo-
pecueHnuu Ko(pepMeHTOB U PeIOKC-OTHOIIEHUST
K U3MEHEHUAM OKUCJIUTEIbHO-BOCCTAHOBUATEIIb-
HBIX IIPOIECCOB B MUTOXOHIPUAX [43].

JuarHocTuka MIIeMHH IOJIOBHOIO MO3ra.
Juarsoctruyeckast 3BHa4UMOCTb ayTO(IyopecIieH-
UM TOJIOBHOI'O MO3ra CTajga O4YeBUIHOU u3
pesymsraToB nepBbix pabot b. Yanca. He ciygaiino
IepBoe IIpUMEHEHHe MeToja Jas3ep-UHIyLUpOo-
BaHHOU (pJIyOpeCIieHTHOH CIIEKTPOCKONIUY i1 Vivo
B KJIMHUKE OBLJIO OCYIIIECTBJIEHO HAa HEUPOXUPYP-
ruveckux nanuenTax [20]. B psne ucciaenoBanuit
Obls1a TMOKa3aHa B3aWMOCBSA3b JUHAMHUYECKHUX
n3MeHeHUl (hJIyopeclieHTHBIX CUTHAJIOB BOCCTA-
HoBJIeHHOH (popmbl HAJIH 1 okucieHHOU hopMbl
DA/l ¢ (PyHKIIMOHAJIBHOU aKTUBHOCTHIO MUTO-
XOHAPUHI HEeHPOHOB U INIMU, BHYTPUKJIETOYHOU
KOHIIEHTPAIeN 1 MporeccaMy TpaHCMeMOpPaHHO-
I'0 TPAHCIIOPTAa KAJIbIIUA B MUTOXOHAPUAX [44—-47].

HecmoTps Ha fOKa3aHHYI0 9KCIIEpAMEHTAaJIb-
HBIMY U KJIMHUYECKUMU UCCJIECIOBAHUAMHU BO3-
MOSKHOCTB HUCIOJb30BaHUsA ITIOKa3aTe el NHTeH-
cuBHOCTHU paryopecneHnnu kopepmentos HATH
u ®AJ] B kKauecTBe OMOMapPKEPOB UIIIEMIUIECKOTO
IIOBPEXKIEHUA FOJIOBHOrO Mo3ra [48-55], cyie-
CTBYIOT OTPAaHUYEHU METOa, CBA3aHHBIE C TPy -
HOCTBIO HHTepIIpeTanuu naHHbix. Kahraman S. u
COAaBT. B MCCJIEOBAHUH in Vitro OB MOKa3aHbI
pasInuus MeXaHUu3MOB (DJIyOpeCIeHIIUY TUPUIN-
HOBBIX HYKJIEOTUJIOB B HEPOHAJIBHBIX U [NINAJIb-
HBIX KJeTKax. [Ipu npogosskamoiieiica aHOKCUU
nocJie yBesqmueHus1 payopecuenuu HAJTH B Heli-
poHax HabJIIOAIOCH ee MOCTEeTIEHHOE CHIPKEHNE,
4yero He OBLIO OTMEYEHO B ACTPOIUTAX. A TakKe
BO3HUKAeT HE0OXOMUMOCTh AuddepeHInpoBaTh
uaMeHenuss ayrogJayopecuennuun  HAJI(D)H,
BBI3BaHHbIE HApyIIeHNEM MeTaboJ/In3Ma, C u3Me-
HEHUSAMHY, CIPOBOLMPOBAHHBIMU CTUMYJIALNAN
JIOKQJIbHOT'O KPOBOTOKA yBEJIWYEHUEM IIPONYK-
1Y JIaKTaTa [Ipu uineMuu [56].

Polesskaya O. m coaBTt. ObBLT paspaboraH
METOJl, OCHOBAHHBI Ha B3aWMOCBSI3U MEKIY
WHTEHCUBHOCTBIO 3HAOTEeHHOH! (pyIyopecieHInn
HAJIH m nmapruipajbHbIM JaBJIeHUEM KUCJI0pOoaa B
TKaHW, KOTOPBINA II03BOJIMJ JUATHOCTUPOBATH
MHUKPOPETruOHAJIbHYIO TUIIOKCHAIO KOPBI TOJI0BHO-
ro Mo3ra MbIIIH [57].

Hcxons ua psaaa ucciaeqoBaHui IokasaTesu
WHTEeHCUBHOCTH ayToduyopecueninuu HAIH u
DA]] ABJIAIOTCA MapKepaMu He TOJIbKO T'MIIOKCH-
4YEeCKOr'o NOBPEXICHUA I'OJIOBHOTO MO3ra, HO U
OIlyXOJIEBBIX, a TaK)Ke HeWpoJereHepaTUBHBIX
nporieccoB. B 2017 r Shi L. u coaBT. B akcriepuMeH-
TaJIbHOM HCCJIEJOBAHUHU II0KA3a/I BO3MOKHOCTD

ucnoJsib3oBaHuA ayrtoduyopecienniuu HAJTH,

tryptophan autofluorescence for early diagnosis of
Alzheimer's disease [58].

Pascu A. et al. have demonstrated that the
comparative assessment of autofluorescence
ranges of normal and neoplastic tissue helps to
identify them.

The results of the experimental in vitro study
led the authors to suggest using the fluorescence
spectroscopy for the real-time assessment of neo-
plastic and adjacent normal tissue autofluores-
cence during surgery in vivo [59]. Zhu M. B. et al.
supplemented the autofluorescence spectroscopy
with optical coherence tomography, which in-
creased the sensitivity of the tumor tissue identifi-
cation from 86.1 to 95.9% [60].

Ibrahim B. A. et al. showed the effect of tem-
perature on the fluorescence of NADH and FAD
coenzymes in the rat cortex. An association be-
tween an increase in temperature and a decrease in
FAD fluorescence was found [61].

A study by Reinert K. C. et al. showed that aut-
ofluorescence of cerebellar flavoproteins is related
to inhibition and excitation processes [62].

The study of NADH and FAD coenzymes in is-
chemic brain damage not only proved the possibil-
ity of their use as damage and regeneration mark-
ers, but also gave rise to the development of drugs
containing pyridine nucleotides which reduce the
area of necrosis in the brain, improve the functional
recovery, and reduce mortality in experimental an-
imals after ischemic stroke [63].

Diagnosis of myocardial ischemia. Since aut-
ofluorescence spectroscopy of NADH and FAD
coenzymes helps to evaluate tissue metabolism in
real time, the use of this method for intraoperative
cardiac monitoring is a promising aspect of clinical
and experimental medicine.

Papayan G. et al. based on the results of stud-
ies of NADH and FAD coenzymes in ischemia-
reperfusion of an isolated rat heart recommended
this technique for intraoperative monitoring of my-
ocardial metabolism during episodes of anoxia in
patients who underwent cardiac surgery under car-
diopulmonary bypass [64].

Lagarto J. L. et al. on the Langedorff isolated
heart model revealed changes in FAD and NAD (P)H
fluorescence associated with the glucose and oxy-
gen depletion. Meanwhile, the coenzyme fluores-
cence intensity was more sensitive to changes in
oxygen content in the perfusate than to changes in
glucose level. The potential for using autofluores-
cence spectroscopy to estimate the content of type
I collagen in the post-infarct period was demon-
strated [65-67].

Despite the hypothetical background and the
correlation between autofluorescence and rejec-
tion of the cardiac allograft found in experimental
studies with rats, study on the use of laser-induced
autofluorescence spectroscopy to assess the risk of
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DA/l u TpuntodaHa /s paHHEW TUATHOCTUKU
b6osesnu Anblireiimepa [58].

Pascu A. 11 coaBT. OBLJIO TPOIEMOHCTPUPOBA-
HO, YTO CpaBHEHUeE CIIEKTPOB ayTodJiyopecieH-
1M1 HOPMaJIbHOU 1 OITyX0JIEBOU TKaHU FOJI0BHO-
ro Mo3ra MO3BOJSIET UX HIEHTUDUIIUPOBATH.
Pesynbrarbl 9KCIIEpUMEHTAaJIbHOTO MCCJEN0Ba-
HUsI, IPOBEIEHHOI0 in Vifro, NajJ0 OCHOBaHUE
aBTOpaM BBICKA3aTh MOKeJaHWe B JajbHeUIeM
HCI0JIb30BaTh MeTO[ (PJIyOpeCIeHTHON CIIEKTPO-
CKOIIMU JAJIs1 U3MepeHUs ayTodJayopecleHInn
OITyXOJIU U IIpUJjIeramlleii HopMaabHON TKAHU in
Vivo B UHTPAOIePaiOHHBIX YCIOBUAX B PeaJlb-
HOM Bpemenu [59]. Zhu M. B. coaBrt. 1omoaHMIN
ayTo(JIyopecleHTHYIO CIIEKTPOCKOIIUIO ONITHYe-
CKOH KOTepeHTHOU ToMorpaduei, 4To yBeJIndniIo
YyBCTBUTEJIBbHOCTb METOIA UAEHTU(PUKAIIUY OITY-
X0J1eBOH TKaHu ¢ 86,1 10 95,9% [60].

Ibrahim B. A. u coaBT. OBLJIO TOKa3aHO BO3-
JelicTBUe TeMIepaTrypbl Ha (JIyopecleHInIo
ropepmenToB HAJ/IH u ®AJ] B kKope TOJI0BHOTO
MO3Ta KpHbIC. bbliia BBIABJIEHA CBSI3b ITOBBIIIIEHN-
eM TeMIlepaTypbl U CHUKeHHeM (JIyopeclieHIInn
DAJT [61].

HccnenoBanue Reinert K.C. u coaBT. mokasa-
JIO B3aMMOCBSI3b ayTo(uiyopecieHIIun ¢JiaBo-
NPOTENHOB KOPbI MO33KeYKa C IIPOIieccaMu TOP-
MOKeHUs 1 BO30YKIeHus [62].

Nayuenue kopepmentoB HATH u ®A]l npu
UIIEMAYEeCKOM ITOBPEKIEHUU TOJIOBHOTO MO3Ta
T03BOJIMJIO HE TOJIBKO JOKA3aTh BO3MOYKHOCTD X
HUCIIOJIb30BAHUS B KAY€CTBE MapKEPOB ITOBPEsKIe-
HUS U pereHeparyi, Ho U 1aTh HavaJIo pa3paboTke
IpernaparosB, ConepyKalliX MIUPUIUHOBBIE HYKJIEO-
TUIbI, BBEJIEHNE KOTOPBIX 9KCIIEepUMEHTAIbHBIM
SKABOTHBIM I10CJIE MIIEMUYECKOT'0 NHCYJIETA CHU-
JKaeT IJIoIaab HEKpPO3a B TOJIOBHOM MO3re, yJIy4-
maeT (PyHKIMOHAIbHOE BOCCTAHOBJIEHNE U CHU-
sKaeT CMepTHOCTS [63].

JlmarsHocTuka vuieMuH MHUOKapa. Tak Kak
ayTodiyopeciieHTHasi CHEKTPOCKONUs Kodep-
meHTOB HAJIH 11 @Al 103BOJISAET OLIEHUTH TKaHe-
BOIT MeTab0J/IM3M B pesKUMe PeaTbHOTO BpeMEHH,
HUCNIOJIb30BAHUE TAHHOTO METOAA C I1eJIbI0 MHTPA-
ONEepanMHHOr0 KapOUOMOHUTOPWUHIA SIBJIAETCS
MepPCIeKTUBHBIM HAlPaBJIE€HNEM B KJIMHUYECKON
U 9KCIIepUMEHTATbHON MeUITHE.

Papayan G. u coasT. B peaysbrare uccjefoBa-
Huit kopepmentoB HAJIH, ®A]l npu uiemMuu-
pernepdys3un U30JUPOBAHHOIO CepAlla KPBICHI
peKOMeHJ0BaJIN JaHHBIN METO]I J/IsI MHTPaoIiepa-
IIMOHHOT0 MOHUTOPUHTA MeTaboJm3Ma MUOKapIa
BO BpeMs 9111M3010B aHOKCHUH Y ITalMEeHTOB, Ilepe-
HECIINX KapJUOXUPYPrudeCcKoe BMeIaTebCTBO
P UCKYCCTBEHHOM KPOBOOOpareHn# [64].

Lagarto J. L. 1 coaBT. Ha MO €11 U30JIUPOBAH-
HOTO ceppana no Jlauregopdy ObLIN BBIABJIEHBI
n3MeHeHUs oKasaresnei dayopecueHiu PAI u
HAJI(®P)H na ¢one ucrorenus WitOKO3bl U KUC-

cardiac transplant rejection done by Yamani M. et
al. has not yielded positive results [68].

A number of papers deal with the use of this
technique to control the condition of the my-
ocardium in ischemia in cardioprotection. The
study of NADH fluorescence changes in relation to
the reperfusion period duration and type of cardio-
plegia conducted by T. Nishioka (1984) was among
the earliest in this area. The incomplete recovery of
coenzyme fluorescence level was explained by irre-
versible changes in myocardium [31]. Horvath et al.
studied the changes of laser-induced NADH fluo-
rescence in the myocardium during sequential oc-
clusion and cold cardioprotection. Immediately
after the occlusion, a rapid increase in the fluores-
cence of NADH was recorded over a period of less
than 5 min, followed by a decline over the entire pe-
riod of ischemia, which lasted for 2 hours. The FAD
fluorescence patterns shown in this study was dif-
ferent: within 5 minutes after occlusion, there was
arapid decrease in fluorescence, followed by a slow
decrease during 30 minutes, a steady level during 1
hour and a slow rise until the end of the study [69].
In a study by Aldakkak et al. (2009), the changes in
NADH and FAD levels in myocardial ischemia in-
duced by cardioplegia with hyperkalemic solution
and lidocaine were evaluated. Different patterns of
NADH changes with and without cardioplegia were
demonstrated [70].

Camara A. K. and colleagues studied the car-
dioprotective effects of sevoflurane, warm reperfu-
sion and hypothermia on the cold ischemia model
inisolated guinea pig hearts, measuring metabolism
using NADH and FAD levels. Ischemia caused a
rapid increase in NADH and a decrease in FAD,
which declined in 2 hours. Warm reperfusion re-
sulted in a decrease in NADH and an increase in
FAD. Sevoflurane attenuated changes in NADH and
FAD and reduced the size of infarction [71].

Changes in the intensity of NADH and FAD
autofluorescence in the myocardium during is-
chemia, reperfusion, in cardiomyopathy and car-
dioprotection found in a number of studies have
made it possible to consider them as markers of
myocardial ischemic injury [72-80].

Conclusion

The literature review shows that despite exten-
sive research on this topic the interpretation of the
auto-fluorescent signal intensity and the determi-
nation of the hypoxia/anoxia period are still open
issues. Tissue autofluorescence has been studied
quite well and explained theoretically only in the
case of short-term ischemia. Studies on ischemia
continuing for 60-90 minutes are rare, and they
have provided no indication of tissue autofluores-
cence changes in complete lack of oxygen over the
period of tissue death. Little attention has been
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Jopoja. ITpu aToM UHTEHCUBHOCTH (pJIyopeciieH-
¥ KopepMeHTOB Obla 60Jiee YyBCTBUTETHHA K
M3MEHEHUIO CoJlepsKaHusI KUCI0poa B iepgdysa-
Te, 4eM K MU3MEHEHUIO YPOBHs IVIIOKO3bl. bblia
MMOKa3aHa BO3MOYKHOCTb HCITI0JIb30BaHUS MEeTOAA
ayTo(IyopecleHTHON CIIEKTPOCKOIINH /115 OIeH-
KM COfeps;KaHus KoJljlareHa | Tuma B IOCTHH-
dapkTHOM TIEpUOEe [65-67].

HecmoTps Ha TeopeTrYecKre IPeanOChIIKA
U BBIABJICHHYIO IIPH IIPOBENECHUU IKCIIEPUMEH-
TaJIbHBIX MCCJIEJOBAHUI Ha KPbICaX KOPPEIALHIO
MesKTy ayTo(JIyopeCclieHTHBIMU ITI0Ka3aTesIsIMU U
OTTOp>KEHHWEeM  aJIJIOTpaHCIJIaHTaTa CepAla,
HCI0JIb30BaHUE JIa3ep-UHAYIUPOBAHHOU ayTo-
(y1yopeciieHTHOH CIIEKTPOCKOINM [IJIs1 OIL[eHKU
PpUCKa OTTOpPYKEHUsI TPAHCIJIaHTAaTa Ccepara
Yamani M. u coaBT. He JaJ0 ITOJIOMKUTEIbHBIX
pes3yasraros [68].

Psim paboT MTOCBSAIIEH UCIIOJB30BAHUIO pac-
CMATpUBAEMOr0 MeTO[Aa C IeJbI0 KOHTPOJA
COCTOSAHUSA MHUOKapJa IIpU WUIIEMUU B YCJIOBUAX
KapAuONpoTeKInU. lcciaeqoBanue NTUHAMWUKU
¢ayopecuennuu HA/IH B 3aBUCUMOCTH OT [IJIU-
TeJIbHOCTU pernep(py3noHHOTO Iepruofa U TUIa
kapauoruieruu, mposenenHoe T. Nishioka (1984),
SABUJIOCHh OJHUM U3 NEPBbIX B JAHHOM HallpaBJie-
Huu. HemosiHOE BocCcTaHOBJIEHUE YPOBHS (DJIyO-
pecueHI KopepMeHTOB OBIJI0 00 BSCHEHO HAJIH-
qreM HeoOpaTUMbIX U3MeHEeHUH B Muokape [31].
Horvath u coaBr. 6bply1a M3y4yeHa TMHAMUKA J1a3ep-
UHAYIUpoBaHHOU (uryopecreniuu HAJTH B Tka-
HsIX MHOKap/a IpH Mocaeq0BaTeIbHON OKKJTIO3UHN
U XOJIONOBOU Kapauonporekiuu. Cpasy mnocie
OKKJTIO3UHY OBIJT 3aPETUCTPUPOBAH OBICTPHIN POCT
¢ayopecuennuu HAJTH 3a BpeMs MeHee 5 MUH C
IOCJIENYIOIIUM CIIaJOM B T€YEHHE BCEro Iepruopaa
WIIIEMUH, COCTaBUBIIEro 2 yaca. JJuHamuka Jiyo-
pecniennuu PAJl, mpuBeneHHAas B JaHHOU paboTe,
r“MeJsia Jpyroi xapakTep: B TedeHue 5 MUHYT [10cJIe
OKKJTIO3WH HAOJTIOAJICS OBICTPHIN criaf (uryopec-
IEeHIINH, 3aTeM MeJJIEHHbIN cruaja B TedeHue 30
MUH, CTalliOHAPHBIN YPOBEHb B TeUeHue 1 U 1 MeJI-
JIEHHBIN IIOIbEM /10 OKOHYAHWS HMCCJIeNOBaAHMS
[69]. Aldakkak et al. B 2009 oneHuam guHaAMHUKY
nameHeHus yposHeid HA/IH u ®AJ] npu umemuun
MHUOKap/a IPUA MCIOJb30BAHUN KaPAUOILJIETUN
TUIlepKAJIEMUYEeCKAM PAaCTBOPOM U JIUJOKANHOM.
B pesynbrare 66111 TOKa3aHbI OTIMYWS B TUHAMU--
ke HA/ITH npu ncnoab30BaHUY KapAUOILJIETUU U
0e3 TakoBoii [70].

Camara A. K. 1 coaBT. mpoBeJix UCCaen0Ba-
HHMeE KapJIUOIIPOTEKTUBHOTO IEACTBUSA CEBO(JIIO-
paHa, Temyioil penepdy3uu U TUIOTEPMUMU HaA
MOJIEJIN XOJIOAOBOU HINEMUU HI0JTUPOBAHHBIX
cepJier; MOPCKUX CBUHOK, KOHTPOJIMPYS MeTabo-
Jau3m 1o nokasareasaM HAJIIH u PAJl. Ninemus
BbI3BaJIa ObIcTpoe yBeandenne HA/TH v ymeHb-
meHue PAJl, KoTopoe yMEHBIINJIOCh 3a 2 Jaca.
Tenias penepdysus npusesa Kk cHmxeHuo HAJTH

paid to the impact of cytotoxic hypoxia on tissue
autofluorescence. Studies in these areas could re-
veal in detail the mechanisms of autofluorescence
and identify the patterns of its changes in the atten-
uated tissue metabolic processes after biological
death, which is essential for intensive care, trans-
plantation and forensic medicine.
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uHdapkTa [71].

BrIsAB/IEHHBIE B MCC/IE€OBAHUAX NU3MEHEHUA
IokasareJseil MTHTEHCUBHOCTH ayTodJIyopecleH-
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B KaueCTBe MapKepOB UILIeMUYeCKOI0 IIOBPesKIe-
HUA MUOKappa [72-80].

3akJaouenue

B pesynbraTe npoBeneHHOro 0030pa JuTe-
paTypbl MOYKHO YTBEPYKAATh, YTO HECMOTPS HA
00JIBIIIOE KOJIUYECTBO padOT IO TAaHHOU TeMe,
OCTa0TCH OTKPBITBIMU BOIIPOCHI UHTEPIIpEeTAlun
3HAYEeHUU MHTEHCUBHOCTU ayTODJIyOpECIIEHTHO-
r'0 CUTHaJIa, BO3MOKHOCTH OIlpeJie/IeHUs [Iepro-
Ja TUOOKCUU/aHOKCUHU. AyTOoJIyopecleHIUus
TKaHel JOCTaTOYHO XOPOIIIOo U3ydeHa 1 00bsIiCHe-
Ha TeOpeTUYeCKH TOJIBKO IIPU KPAaTKOBPEeMEeHHO!
ummemuu. Peiko BcTpedaloTcsi paboThl, B KOTO-
PBIX IIepUOJ UIIIEMUU TOCTUTAT MakCUMyM 60-90
MMHYT, HO 9TO He JjaeT [IPeJICTaBJIeHUs O TOM, KaK
MEHSIOTCS  ayToJIyopeclieHTHble CBOMCTBA
TKaHU IpU IIOJHOM OTCYTCTBHUM KHUCJIOpPOJA C
TeyeHueM BpeMeHU B IIpoliecce yMUPaHUA
TKaHu. HejgocraToyHoe BHHMaHWe YIeJEeHO
U3Y4YEHUIO BJIMSIHUSA LUTOTOKCUYECKOH THUIIOo-
KCUM Ha ayToJiyopectieHIuIo TkaHe. Mccieno-
BaHMA 110 JaHHBIM HalpaBJIeHUSM I103BOJIUJIN
OBbI He TOJILKO MOAPOOHO PACKPHITH MEXAaHU3MbI
sIBJIEHUSI ayTOJIyOpeCLieHI[UN, HO U BBISIBUTH
3aKOHOMEPHOCTHU ee U3MEHEeHUs IIpU yracaHuu
MeTaboJIMuecKUX IMPOIECCOB B TKAHAX IIOCTe
OMOJIOTUYECKON CMEPTH, YTO MMEET OOJIBIIOE
3Ha4YeHue [J1s peaHuMaroJIOTuH, TPaHCIJIaHTO-
JIOTUH, CyJeOHOU MeTUITUHBI.
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